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Abstract: Wildlife managers need chemical repellents that are effecetive at deterring damage by birds. but these
cepelients must be envirommentally and toxicologically safe. The number of commercially available bird repellents
has been reduced because of concerns about environmental safery. Currently, there are 2 categories of aviun repel-
lents. Chemicals thar are reflexively avoided by birds because they irritate the peripheral chemical senses are
referred to as primary repellents. Chemicals that cause gastrointestinal illness and learned avoidance of ancillary
snsory cues that are paired with the iilness are known as secondary repellents. Secondary repellents most often
identified as the most effective avian repellents are derived from synthetic agrichemical pesticides and generally
are regulated against because of their toxicity and concerns about the consequences of adding them to the envi-
vorment. Primary repellents are usually derived from natural products and human food and flavor ingredients,
and their use as bird repellents has been promoted as fulfilling the need for environmentally safe repeilents. How-
ever, primary repellents are considéred to be less potent than secondary repellents. We found Lhat it the primary
repellent, methyl anthranilate, was delivered enterically in European starlings (Sturnus vulgaris), we could achieve
the same level of repellency as with the secondary repellent, methiocarb. Equal repellent effects for the 2 chemi-
cals were found despite differences in their mode of action.  Also. birds given an enteric delivery of the primary
repetient methvl anthranilate showed fewer signs of behavioral distress (e.g.. immobility and regurgitation) rela-
tive to those birds given the secondary repellent. methiocarb. By redivecting the site of action of a primary repel-
lent. we have shown the feasibility to optimally combine the potency levels of secondary repellents with die hio-
logical and environmental salery auributes of primary repellents, without sacrificing effcac» Pripvive vepllents
iy he converted to sccondary vepellents via gastrointestinal delivery, thus potentially i increasing etiivicy .uul CLo-
nanic viabiliw of these chemicals. Fonmulations that mask the irritating qualities of primary repellents are need-
edsothat the chenical will be freely consumed by the target animal and exert its effect in the gastrointestinal tract.
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The use of chemical repellents to reduce agri- — ingestion, which causes a bird to learn and avoid
cultural damage by birds has widespread applica-  ancillary sensory cues—e.g., color, patterns,
tions (Mason and Clark [987. 1992 Fagerstone  odors, and tastes—that are paired with the illness
and Schater [998).  However. the number of  (Garcia et al. 1966, Mason and Reidinger 19834,
product and active ingredients registered by the  Conover 1984, Tobin 1985). This conditional
LS. Environmental Protection Agency (EPA) for  avoidance depends on 4 critical feature-: (1) the
bivd control has declined over the past 20 vears  unpleasant experience (i.e., the unconditional
(Clark 1998). In part. the veduction in the num-  response [UCR], which in this case was the ill-
ber of commercially available bird repellents  ness) atuibuted to the (2) toxicant, methiocarb
reflects more stringent environmental standards (the unconditional stimulus [UCS]); (3) the
requived by the U8, EPA (Fagerstone and Schafer  paired ancillary sensory cues (the conditional
1998). The most signiticant effect of this regula-  stimuli [CS]): and (4) the learned avoidance (the
torv change in standuards has been loss of highly  conditional respouse [CR]). Chemicai - <iciants.

effective bird repellent products containing — such as methiocarb, that promote this tpe of

methiocarb (Dolbeer et al. 1994). classical conditioning (Pavlov 1906) are frequent-

Methiocarb's effectiveness is due largely to its  ly referred to as secondary repellents (Rogers
ability to produce severe, veversible illness after  1974).  Generally, the magnitude of the condi-
tional avoidance response is positively related to
the magnitude of the illness (Domjan 1998).

1 Unfortunately, many secondarv repellents are
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? Present address: Genesis Laboratories. Inc., PO, derivatives of synthetic agricultural pesticides
Box 1130, Wellington, CO 80549, USA. (Fagerstone and Schafer 1998). As a consequence,
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potent secondary repellents often have undesir-
abie ancillary consequences, either directiv in the
form of physiological or metabolic side effects or
side effects because of their degradation prod-
ucts (Dolbeer et al. 1994). Thus, there is a need
to vigorously identifv chemicals that are potent
repellents, safe for animal use. and environmen-
tally safe.

The use of primary repellents has been pro-
moted as filling the need for effective, environ-
mentally safe repellents (Mason and Clark 1992).
The mode of action of primary repellents differs
from secondary repellents in that primary repel-
lents do not require learning to be effective
because animals reflexively reject foods treated
with the repellent chemical because of the chem-
ical’s unpalatable taste, odor, or irritating prop-
erties (Clark 1998). Often. primary repellents are
derived from natural products used as human
food and flavor ingredients because these chemi-
cals have less toxic biological effects on the target
species and more favorable environmental degra-
dation characteristics than the synthetic agricul-
tural pesticides typically adapted for use as sec-
ondary repellents.

Despite these positive attributes, primary repel-
lents have not achieved the success of secondary
repellents in the field. Because primarv repel-
lents are frequently more benign in their biolog-
ical effects on the target organisms, the salience
of the UCS is lower, hence primary repellents are
often less effective than secondary repellents in
promoting long-term avoidance responses (Dom-
jan 1998). A further disadvantage of primary
repetlents is their tendency to degrade rapidly
once placed in the environment (Aronov and
Clark 1996). Primary repellents can be effective
as feeding deterrents as long as the chemical per-
sists on the treated substrate. However, once the
repellent is removed, targeted animals typically
return to cause damage (Conover 1984, Glahn et
al. 1989).

The aforementioned field observations are con-
sistent with laboratory studies demonstrating that
primary repellents do not promote strong
learned avoidance responses in birds (Clark
1996). One possible reason for the failure of
birds to learn from their exposure to primary
repellents ts that they are better able to regulate
their exposure to the repellent. Primary repel-
lents are reflexively rejected because they fre-
quently irritate nociceptors in the oral-nasal cavi-
. Assuch, the target animal never exposes itself
to sufficient dosages that would cause severe gas-
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trointestinal illness. Thus. a primary repellent
can be a sufficiently strong UCS o disrupt short-
term feeding behavior, but the unpalatability is
not of sufficient strength or relevancy to promote
learned avoidance of paired sensorv cues
(Domjan 1998). Despite these limitations. pri-
mary repellents remain of interest to wildlife
managers because they are nonlethal and rea-
sonably effective.

Modifications to primary repellents, changes in
formulation. or changes in delivery tactics that
would increase their salience to target animals so
that long-term learned avoidance simulate sec-
ondary repellents are critical research areas in
the development of nonlethal alternatives for
wildlife management. One unexplored possibili-
tv is to determine whether a primary repellent
can be formulated to mask its irritating qualities
and thus bypass an animal’s defensive peripheral
sensory system. The formulation could be
designed to disintegrate in the gastrointestinal
system of the target animal. thus exposing enteric
nociceptors to the repellent. The rationale for
bypassing the oral cavity is twofold. First, the tar-
get animal would not be able to regulate the
dosage of the repetlent, thus it would expose
itself to a higher dosage because its primary
defensive sensory system would be bypassed. Sec-
ond, a higher dosage of irritant delivered enteri-
cally would presumably represent a more salient
UCS-UCR complex. For example, Pelchat et al.
(1983) found that learned aversions were
strongest if the UCS induced gastrointestinal ill-
ness. as compared with peripherally administered
discomfort. In eftect, this process would convert
a primary repellent into the more effective sec-
ondarv repellent simply through a reformulation
process. If this delivery modification could be
achieved. the question remains as to whether the
converted repellent would be as effective an UCS
as traditional secondary repellents derived from
agricultural pesticides.

We tested the feasibility of this process by com-
paring the magnitude and duration of the
learned avoidance response in starlings exposed
to 2 bird repellents, methiocarb (a secondary
repellent; Conover 1984) and methyl anthrani-
late (a primary repellent: Clark and Mason 1993).

METHODS

In lieu of encapsulating the repellents in these
experiments we gavaged (i.e., delivered the
repellent via intubation) birds to bypass the
peripherl sensory system. This also ensured that
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the prescribed dosages were delivered directly w
the gastwrointestinal system,

Study Subjects

We decov-uapped European starlings (2 = 40)
in Fort Collins. Colorado. during September
1998. Birds were individually housed and visually
isolated m metal cages (36 x 23 x 28 ¢cm: Animal
Care Products. Brvan, Texas. USA). Each cage
was equipped with a metal cage door (23 x 28
cm) coustructed with wire bars (0.32 cm diam).
The doors had 9 verdcal bars (spaced 2.5 ¢m
apart), and 3 hortzontal bars (spaced 2.5-5.0 an
apart). A food cup und water bottle holder were
attached to the cage door 5 cm above the wire
mesh cage floor.

Birds were housed at 22°C and were maintained
on a photoperiod that mimicked natural condi-
tions during the experiments, which were con-
ducted from November 1998 to Aprit 1999. We
provided starlings food (Purina Lavena Checker)
ad libitum in metal food cups (8.3 cm diam) and
unlimited access 1o water. To establish baseline
food intake, we measured food consumption of
each bird for 2 hr (commencing 2 hr after-the
onset of light) for 2 ciws prior to testing.

Experiment 1

We measured food consumption and quant-
fied behavior of stwlings throughout the 3 phas-
es of the test paracdigm: adapration, training. and
acquisition ol learned avoidance. Our objectives
were to determine whether a primary repellent
(MA), delivered  enterically, conld  promote
learned avoidance of food paired with a colored
and patterned target, and if so. how the effect
size compared to a weli-deseribed  secondary
repellent, methiocarb.

Adaptation and Growp Assignment.—Alier a 2-week
adaptation period, we assigned bivds o 1 of 4
groups (n=8/group) based on tood consumption.
Birds were ranked according to consumption
rates and assigned 1o groups so that each group
had individuals with high. moderate. and low
constunption vates so that mean group tood in-
tike was similar Treatments administered during
taining were randowmly assigned to the groups.

Training Dayv: Pre-gavage and  Gavage.—Treat-
ments included a null control (no gavage): a
vehicle control of 2 ml kg of propvlene glveol
(PG), which was used as a carrier for the repel-
lents: a gavage with methiocarb (2 mg, kg), a sec-
ondarv repellent diluted into PG (2 ml kg): and
methvl anthranilate (20 mg/kg), a primary repel-
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lent diluted into PG (2 ml/kg).  Dosages of
methiocarb and PG were based on reports by
Mason and Reidinger (19834.0). We conducted
tests on a different set of starlings to determine
that the MA dosage was sufficient to cause tem-
porary irritation and delay of food consumption.
Pecliminuy analyses of the methiocarb group indi-
cated that the birds did not develop a learned aver-
sion 1o the colored food cup. We added a second
dosage level of 10 mg/kg (n = 8 naive starlings) to
evaluate the effect on learning when the dosage
of the UCS (methiocarb) is increased. These
birds underwent the same acclimation. handling,
and conditioning procedures as the other birds.

Approximately 16 hr prior to administration of
the gavage, we replaced the standard wire cage
doors with plexiglass doors (0.64 cm thick). We
installed the plexiglass doors to enhance video-
taping and analysis. The placement of cup and
water hottles on these doors was identical to the
wire cage doors.

On the dav of raining, 2 hr after the onset of
light. we replaced the standard metal food cup with
a cup with orange and black vertical stripes (CS).
We chose the orange and black color pattern
because Mason (1987) and Mason and Reidinger
(1982) reported that vertical orange and black
stripes weve the most etfective in learning trials
with birds, Each cup contained 30 g of standard
food. Alter 2 hr of exposure to the food paired
with the €S, we removed the cup and immediately
took the test bird lrom its cage and gavaged it with
repellent or PG (UCS). The null control birds
were handled, but not gavaged. We held cach
bird for | min after gavage to prevent regurgita-
tion, and then returned the bird o its cage with
30 g olHood iva plain metal tood cup ((ISV).

Training Dax: Post-gnvage.—We neasured  food
intake from the pliin metal food cup ((,IS") for 2 hr
post-gavage. We also videoraped each bird during
the first 2 hr after gavage so we could quantify
behaviorad responses to the different wreaunents.
Naoldus Video Pro 4.0 (Noldus Information Tech-
nology, Wageningen. The Netherlands) wis used
as an aid to observe the videotapes. We conduct-
ed continuous focal observations (Martin and
Bateson 1993) and developed an ethogram based
on preliminary viewing of tapes.  We uatned
observers to anahvze the videotapes, but thev did
not know which treatment the bird in cach tape
had received.

The cthogram consisted of 4 behavioral states:
moving, standing, feeding, and lying (sternal
recumbent). The standing category included 4
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behavioral modifiers: preening. bill agape (indi-
cating irritadon). drooping (bird was immobi-
lized and head/body angte was below a horizon-
tal plane), and other (to denote all other
standing). Fach of the states and modificrs were
exclusive (i.e.. we could not record more than 1
state at the same time). Activity budgets were
based on the duration of behavioral states and
modifiers. The ethogram also included events,
which were instantaneous behavioral occur-
rences that could take place during any state or
modifier. Events included eating, dropping
food, and drinking. In additon. our ethogram
included irritation behaviors, which were catego-
rized as head shakes, coughs, and regurgitation.
Events were not included in the activity budget
because they were instantaneous. However, the
frequency and latency of events were included in
the analyses.

We grouped activities into 3 categories: moving,
standing alert, feeding, irritation (standing with
bill agape), and immobilized (body posture
drooping or sternal recumbent). Because some
birds did not feed or drink during the 2-hr obser-
vation period, the latency to feeding and drink-
ing data were evaluated 2 ways: with nonrespon-
sive birds excluded from the analysis and with a
latency value of 7.200 sec. the duration of the
observation. We chose to analyze these daw this
way because nonresponsiveness of birds might be
considered a behavioral outcome independent of
the test. Likewise, the effect of the UCS may have
caused the birds to avoid feeding or drinking
altogether, hence the assignment of the 7.200 sec
latency period.

2-Choiee Learning Tist—On the day immediately
following training. and 2 hr after light onsct, we
conducted a 2-choice feeding test to determine
whether a learned avoidance to food contined
in an orange and black vertically striped food cup
(UCS") was acquired. Birds were simultaneously
presented with the UCS and food contained in a
noncolored metal cup (UCS’). and consumption
from both cups was recorded at 2-hr intervals
during the test period. Each cup contained 30 g
of food. The position of the cup (left or right)
was determined randomly. After 2 hr, we mea-
sured food intake from each cup. We deter-
mined preference ratios by dividing consump-
tion from the colored cup by consumption from
both cups combined. with a score of 1 indicating
complete preference for the UCS', a score of 0
indicating complete avoidance of the UCS", and a
score of 0.5 indicating indifference to the UCS".
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Due to small sample sizes we decided to forego
the use of standard statistics {i.e., ANOVA) to
evaluate our hyvpotheses. We calculated the ¥
and SE for each teatunent and used visual com-
parison of the control group against the respec-
tive rreatment groups (Sokal and Rohlf 1984).

Experiment 2

From Experiment | there was evidence that the
plexiglass cage door, used to enhance videotap-
ing and analysis, interfered with the acquisition
of food aversion, via a phenomenon called con-
current interference (Sayre and Clark 2001).
Therefore, we repeated the above experiment,
but without the distracting conditional visual cue
of the clear plexiglass door. We retained the orig-
inal door to the cage and repeated the experi-
ment as described above. Exceptions to the test
procedure were as follows. Starlings used in the
experiment were used in Experiment 1. Howev-
er, none of the birds previously used were
assigned to a similar treatment category. More-
over. to minimize anv etfect of carryover learn-
ing, we waited 231 days before retesting any bird
(X = 70.7 days. SE = 7.7, vange = 31-131, n=15).
Mason et al. (1984) reported that learned avoid-
ance lasted 10-12 days following treatment with
methiocarb, and we believe that the ume
between experiments was sufficient to minimize
possible bias.

We assigned birds to | of 3 treatment groups (1=
5 each). Treatments included vehicle control of
PG (2 mi/kg), MA (20 mg/kg), and methiocarb
(2 mg/kg). We did not include a null control
because the vehicle and null controls did not dit-
fer in Experiment L. Therefore, we determined
that only a vehicle control was necessary to safe-
guard against nonspecitic cxperimental effects.
We used the same training and testing procedures
as Experiment | with the following exceptions:
(1) the standard metal cage doors remained on
the cages instead of the clear plexiglass doors; (2)
we measured food consumption only during the
first 2 hr post-gavage: and (3) we did not analyze
behavioral data from the videotapes.

We visually compared mean food consumption
of controls PG versus M:A and methiocarb during
the 2-hr post-gavage period. Twenty-four hours
after gavage, we calculated the mean preference
ratios from the 2<hoice learning test by dividing
consumption from the colored cup by consump-
tion from both cups combined. We visually com-
pared the means of the treatments with the vehi-
cle control.
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Fig. 1. A. Mean (+ SE) percentage of time starlings were
immobilized by iliness during the 2 hr immediateiy following
gavage. relative to the null control (horizontal solid line = SE
[not visible with the scale shown in the figure]). B. Mean (+ SE)
percentage of time starlings expressed behaviors defined as
irritation responses during the 2 hr immediately following gav-
age relative to the null control (horizontal soiid line x SE).
Treatment categories included the vehicle carrier, propylene
glycol (PG); methyl anthranilate (MAY: 2 mg'kg of methiocarb
{MC,); and 10 mg/kg of methiocarb (MG, ).

RESULTS

Experiment 1

Behauvior of Starlings During Training.—Relative
to the null control. methiocarb produced an ill-
ness-induced innnobilit in starlings, with a strong
eftect apparent at the level of 10 mg, kg (Fig. 1).
Birds treated with 2 mg/kg methiocarb also exhib-
ited some immobility after weamment. but the
duration of immobility was <30% as long as in the
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Fig. 2. A. Mean frequency (+ SE) of regurgitation relative to
the null control (solid horizontal line + SE, the dotted horizon-
tal lines) as a function of gavage treatment. B. Mean fre-
quency (+ SE) of coughing relative to the nult control.  C.
Mean frequency (+ SE) of head shakes relative to the null
control. Treatment categornes included the vehicle carrier,
propytene glycol (PG); methy! anthranilate (MA); 2 mg/kg of
methiocarb (MC,): and 10 mgrkg of methiocart (MC,g}.

birds treated with 10 mg/kg (Fig. ). Methvl
anthranilate produced the highest proportion of
irritation reaction, with >2x duration compared to
controls, but starlings weated with MA showed no
sign of immobility (Fig. 1. The vehicle control
(PGY alone did not atfect either behavior (Fig. 1).

Compared 1© conuols. starlings gavaged with
methiocarb at 2 mg/kg and 10 mg/kg were more
likely to regurgitate following treatment (Fig. 2A).
Gavage with methyl anthranilate and the vehicle
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control slighty increased the rate of regurgita-
tion relative to the null control, but the frequen-
cv of 1'egurgim{io'ns were about 30% as wch as
the 2 levels of methiocarb (Fig. 2A). Stavlings
showed a high degree of variability for coughing
behavior and none of the gavage types appeared
to influence this factor (Fig. 2B). Another mea-
sure of irrication, the rate of head shakes, indi-
cated that all reatments resulted in an increase
in head shakes, with the strongest ctfects ob-
served among the vehicle control and with
methyvl anthranilate groups (Fig. 2C).

As evidenced by feeding and drinking behavior
among the vehicle control group, starlings recov-
ered from the effects of gavage within 300 sec
(Fig. 3). Any additional delay in the ousct of feed-
ing and drinking was presumed to be a relevant
index of intestinal malaise resulting from the
chemicals. The largest delay in the onset of feed-
ing was seen for starlings gavaged with the higher
dosage of methiocarb. Two of the starlings ga-
vaged with the lower dosage of methiocarb failed

4000 A

EAT

3000

2000

1000

4000 ,  pRINK

3000

LATENCY (SECONDS)

2000

1000

PG MA MC, MC,

Fig. 3. A. Mean latency (sec) before starfings engaged in eat-
ing reiative to the null control (mean = the solid horizontal line
+ SE, the dotted horizontal lines) as a function of gavage
treatment. B. Mean latency (sec) before startings engaged in
drinking relative to the null control (mean = the solid horizon-
tal line + SE, the dotted harizontal lines) as a function gavage
treatment. Treatment categories included the vehicle carrier,
propylene glycol (PG): methyl anthranilate (MA); 2 mg/kg of
methiocarb (MC,); and 10 mg/kg of methiocarb (MCp).
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Fig. 4. Mean preference ratio of starlings during the 2-choice
test in Experiment 1. Treatment categories included PG (2 mi/kg
propylene glycol); MA (20 mg/kg methyl anthranilate), methio-
carb (2 mg/kg methiocarb); and methiocarb (10 mg/kg methio-
carb). Circular (+) symbols represent the mean of the control
and treaiment groups; vertical lines and caps represent =1 SE.

to feed during the 2-hr observation period. If
these data were treated as missing, the group aver-
aged a delay of just over 2,000 sec; however, if the
nonfeeders were given a latency of 7,200 sec, the
mean latency increased to over 3.500 scc. One
bird from the methyl anthranilate cohort also did
not eat during the trial. 1[ data of the methyl
anthranilate group is analyzed without this bird,
the group also averaged 2,000 sec latency. When
this nonfeeder was added 1o the analyses, the
meun latency averaged just under 2,800 sec.

Starlings tended to resume drinking carlier
than feeding (Fig. 3A.B). Starlings gavaged with
both dosage levels of methiocarh resumed drink-
ing within 2,100 sec after gavage. Sarlings gu-
vaged with methyl anthranilawe and the vehicle
control resumed drinking within 1,000 sec of ga-
vage. This was about the same delay in drnking
behavior observed for the null countrols alter
investigatorinduced disturbance: ie.. entry and
exit into the room to record data and perform
experimental manipulations.

Leared Behavior of Starlings—Despite showing
clear signs of irritation Or (OXICOSIS. starlings
failed to acquire a learned avoidance to the col-
ored and patterned food cups (CS: Fig, 4). Sub-
sequent experiments showed that the clear
acrvlic door introduced prior to the test acted as
a distractor for the acquisition of learned avoid-
ance behavior (Sayre and Clark 2001). Experi-
ment 2 was undertaken to eliminate the concur-
rent interfering CS.

Experiment 2

As was the case in Experiment |, gavage did not
substantially affect food consumption on the day
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12 4

MEAN FOOD CONSUMPTION (g)
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Fig. 5. Mean food consumption (g) of stariings during training
phase of Experiment 2. Treatment categories included PG (2
mifkg propylene glycol); MA (20 mag/kg methyl anthranilate);
and methiocarb (2 mgrkg methiocarb). Circular (*) symbols
represent the mean of the control and treatment groups; ver-
tical lines and caps represent =1 SE.

of training (Fig. 5). However. 24 hr after train-
ing, birds showed strong evidence of learned
avoidance. Compared to the vehicle control, as
well as a hypothetical null preference ratio of 0.5,
starlings treated with methyl anthranilate and
methiocarb displayed a tendency to avoid food in
the colored cup (Fig. 6). The magnitude of
effect among thosce treated with methyl anthrani-
late and methiocarb groups was relatively similar
(Fig. 6).

DISCUSSION

The type of discomfort and distress produced
by primary and sccondary repellents differs in
starlings. While this observation has been previ-
ously reported, this is the first study o quantify
the types of distress behaviors and the magnitude
ot effect.  Overall. enteric delivery of a primary
repellent impacted activities related 1o physiolog-
ical illness (i.c., immobility and gasoointestinal
malaise) to a lesser degree than the secondary
repellent. Yet under appropriate traintng condi-
tions, the primary repellent was just as etfective in
producing condittoned aversions to visual cues as
was the secondary vepellent, Most importantly,
the efficacy of the primary repeltent was achieved
with less impact to the target animal’s well being
relative to a secondary repellent.

The public demands more humane methods
for the resolution of contlicts between humans
and wildlife, but agriculnwal producers need
effective deterrent strategies. In the past, the
methods developed to meet both of these objec-
tives at the same time appeared 1o be incompati-
ble. The conversion of primary repellents to sec-
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Fig. 6. Mean preference ratio of starlings during 2-choice test
with standard cage door in Experiment 2. Treatment cate-
gories included PG (2 mi/kg prapylene glycot); MA (20 mg/kg
methyl anthranilate); and methiocarb (2 mg/kg methiocarb).
Circular (*) symbols represent the mean of the treatment
groups; vertical lines and caps represent =1 SE.

ondary repellents demonstrates that fulfilling
hoth objectives can be realized and represents a
significant advance toward the goal of developing
huntane and etfective wildlife repellents.

We also inadvertently demonstrated a well-
described pitfall for studies on conditional avoid-
ancce learning; i.e., the concepts of concurrent
interference and paired relevance of cues. In
our cuse, placing a new door onto the cage to
facilitate videorecording of behavior prior to the
onset il the test effectively neutralized our ability
to train starlings to avoid a visual target. Nor-
mally, a starling would be exposed to a distinctive
vistal cue during feeding (e.g., the orange and
black stripes on the food cup), followed by the
experience of chemically induced gastrointesti-
nal iiiniess. The next time the visual cue would be
presented (e.g., 24 hr later), the starling would
avoid the food associated with the target. This
process works because the visual target is closely
paircd with food and feeding behavior and is
derivative of classic tood aversion learning para-
digms. However, when the new door was intro-
duced in Experiment I, the 2 visual cues were
competing for the animal’s attention. Apparent-
ly, the door was a more salient cue, but it did not
have high relevance to food and feeding. The
result was a failure of the bird to acquire a
learned avoidance of the target cue and associat-
ed food. These results are important because
they underscore the importance of the applica-
tion method and, by implication, how effective a
contro! strategy will work in the field. One fore-
seeable difficulty in using conditional food aver-
sion paradigms might occur when they are used
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in combination with other deterrents (Nelms and
Avery 1997). Itis possible that emploving multi-
ple sensory cues may interfere with the visual cue
paired with illness and food. Thus. what may
seew o be a reasonable integrated approach to
maximize repellency may actually render l ot'the
techniques ineffective based on the principles of
concurrent interterence and paired relevance.
These issues need to be addressed in a systematic
and quantitative manner in field studics.

Litde is known about how primary and sec-
ondarv repellents compare in relation to extine-
tion of learning, or how untreated birds would
learn from observing illness in other birds.
Mason (1987), Mason and Reidinger (1982}, and
Mason et al. (1984) demonstrated that birds will
learn to avoid foods treated with secondary repel-
lents when they observe repellent-induced toxi-
cosis among other birds. However, the effcctive-
ness of primary repellents on food aversion
learning that is obtained vicariously is not known.
Our laboratory is conducting research to evalu-
ate the effectiveness of observational learning
when demonstrator birds have been treated with
primary repeilents.

Formulation of primary repellents remains a
critical wildlife deterrent issue (Clark 1998). The
effectiveness of a repellent depends on a formu-
lation that delivers the most salient cues to the
birds. Thus. if feeding on crops is a majov prob-
lem. then enteric delivery of a repellent would be
more effective than topical application ol'a repel-
lent that irritates the peripheral senses. Another
problem is that a formulation should not coun-
teract the effectiveness of the repellents. Like-
wise. formulation should not increase the toxici-
ty of a primary repellent.

MANAGEMENT IMPLICATIONS

Converting primary repellents to sccondary
repellents offers several potential advantages
over either npe of chemical, if traditional deliv-
ery methodologies are used. Gastrointestinal
deliverv appears to increase the efficacy of pri-
mary repellents because gastrointestinal illness
results in stronger avoidance learning (Pelchatet
al. 1983). Moreover, if the flavor attributes of
these compounds are masked by encapsuladon,
the effect would likely be greater because the ani-
mals would ingest more treated food and. by
implication, gain additional exposure to more of
the irritating chemical. If birds eat more weated
food. then learned avoidance for the visual cue
would increase because the strength ot the
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unconditional stimulus would increase (Domjan
1998). An increased dose of repellent wouid
result in longer avoidance of weated foods and
less sampling behavior bv birds. thus requiring
use of less repellent because only a portion of the
foods would require treatinent.

Second, the economic feasibility of primary
repellents could be improved by converting them
to secondary repellents, especially if the principles
of Batesian mimicry are used (Mason and Rei-
dinger 19834; Conover 1984, 1995; Avery 1985).
Birds can be conditioned to avoid foods when they
learn to associate a visual cue with illness induced
by secondary repellents. Moreover. the entire crop
does not require treatment (Avery 1985), and not
all birds need to ingest treated foods because birds
that observe toxicosis among cohorts will also learn
o avoid foods they associate with visual cues
(Mason and Reidinger 1982, 19834 Mason 1987).

A third advantage of primary repellents is that
environmental safety and registration may not be
as much of a concern as with secondary repelk-
lents, especially if physiologically and environ-
mentally benign repellents are used. Many can-
didate primary repellents are from natural plant
products that have already received approval as
food additives (Mason and Clark 1987, Clark et
al. 1991, Avery et al. 1996). Information on toxi-
city already exists for thesc compounds, and such
knowledge could help expedite the registration
process for repellents (Chuk 1998).

Converting primary repellents to secondary
repellents appears to hold prowise as a ool to
reduce avian crop depredation, but additional
work is needed before this becomes feasible.
Most imp()rmntly, the animals need to ingest sut-
ficient quantities of the chemicals so that tood
aversion learning is induced. A major hurdle is
to establish methods that mask these repellents
so the peripheral senses arve bypassed. However.
the masking must not compromise the formula-
tion or efficacy of the compound.

The use of primary repellents to reduce avian
depredation has potential. Bv integrating basic
ecological and behavioral paradigms with exist-
ing knowledge on chemical properties and phys-
iological effects, wildlife managers can develop
options that are effective. safe, and nonliethal.
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